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MANAGING A COMMUNICATIONS SYSTEM remote coverage areas 106 ( 1 ) -106 ( N ) is determined by the 
BASED ON SOFTWARE DEFINED amount of RF power transmitted by the respective remote 

NETWORKING ( SDN ) ARCHITECTURE units 108 ( 1 ) -108 ( N ) , receiver sensitivity , antenna gain , and 
RF environment , as well as by RF transmitter / receiver 

PRIORITY APPLICATIONS 5 sensitivity of the client devices 120. The client devices 120 
usually have a fixed maximum RF receiver sensitivity , so 

This application claims the benefit of priority under 35 that the above - mentioned properties of the remote units 
U.S.C. § 120 of U.S. application Ser . No. 15 / 482,890 , filed 108 ( 1 ) -108 ( N ) mainly determine the size of the respective 
on Apr. 10 , 2017 , the content of which is relied upon and remote coverage areas 106 ( 1 ) -106 ( N ) . 
incorporated herein by reference in its entirety . In a non - limiting example , the remote coverage areas 

106 ( 1 ) -106 ( N ) are also configured to be served by RF 
BACKGROUND circuits 122 ( 1 ) -122 ( N ) ( e.g. , Wi - Fi Access Points and indoor 

base stations ) that are collocated with the remote units 
The disclosure relates generally to managing a commu 108 ( 1 ) -108 ( N ) . The RF circuits 122 ( 1 ) -122 ( N ) are commu 

nications system , and more particularly to managing a 15 nicatively coupled to the LAN 104 for communicating LAN 
communications network , which may include a wireless downlink communications signals 124D and LAN uplink 
distribution system ( WDS ) and a local area network ( LAN ) , communications signals 124U in the remote coverage areas 
based on software defined networking ( SDN ) architecture . 106 ( 1 ) -106 ( N ) . In one example , the LAN 104 includes 

Wireless customers are increasingly demanding digital Ethernet switching circuits 126 , such as Ethernet switches 
data services , such as streaming video signals . At the same 20 and / or Ethernet bridges , that are interconnected with the RF 
time , some wireless customers use their wireless communi circuits 122 ( 1 ) -122 ( N ) . Given that the remote units 108 ( 1 ) 
cations devices in areas that are poorly serviced by conven 108 ( N ) and the RF circuits 122 ( 1 ) -122 ( N ) may be config 
tional cellular networks , such as inside certain buildings or ured provide wireless services concurrently in the remote 
areas where there is little cellular coverage . One response to coverage areas 106 ( 1 ) -106 ( N ) , it may be desired to manage 
the intersection of these two concerns has been the use of 25 the WDS 102 and the LAN 104 effectively and efficiently to 
WDSs . WDSs include remote units configured to receive maximize overall quality - of - experiences ( QoEs ) of the het 
and transmit communications signals to client devices erogeneous communications system 100 . 
within the antenna range of the remote units . WDSs can be No admission is made that any reference cited herein 
particularly useful when deployed inside buildings or other constitutes prior art . Applicant expressly reserves the right to 
indoor environments where the wireless communications 30 challenge the accuracy and pertinency of any cited docu 
devices may not otherwise be able to effectively receive ments . 
radio frequency ( RF ) signals from a source . 

In this regard , FIG . 1 is a schematic diagram of an SUMMARY 
exemplary heterogeneous communications system 100 
including a WDS 102 and a LAN 104. The WDS 102 is 35 Embodiments of the disclosure relate to managing a 
configured to provide communications services to remote communications system based on software defined network 
coverage areas 106 ( 1 ) -106 ( N ) , wherein ‘ N ’ is the number of ing ( SDN ) architecture . In examples discussed herein , a 
remote coverage areas . These communications services pro communications system includes a wireless distribution 
vided by the WDS 102 can include cellular services such as system ( WDS ) and a local area network ( LAN ) . An SDN 
long - term evolution ( LTE ) and location - based services 40 controller is provided in the communications system to 
based on wireless solutions ( Bluetooth , Wi - Fi , Global Posi manage the WDS and the LAN based on SDN architecture . 
tioning System ( GPS ) , and others ) , as examples . The remote The SDN controller is communicatively coupled to a WDS 
coverage areas 106 ( 1 ) -106 ( N ) may be remotely located . In control system in the WDS and a LAN control system in the 
this regard , the remote coverage areas 106 ( 1 ) -106 ( N ) are LAN via respective SDN control data plane interfaces 
created by and centered on remote units 108 ( 1 ) -108 ( N ) 45 ( CDPIs ) . In one aspect , the SDN controller receives a WDS 
connected to a central unit 110 ( e.g. , a head - end equipment , performance report indicating the operational status of the 
a head - end controller , or a head - end unit ) . The central unit WDS from the WDS control system . In another aspect , the 
110 may be communicatively coupled to a signal source 112 , SDN controller receives a LAN performance report indicat 
for example a base transceiver station ( BTS ) or a baseband ing the operational status of the LAN from the LAN control 
unit ( BBU ) . In this regard , the central unit 110 receives 50 system . The SDN controller analyzes the WDS performance 
WDS downlink communications signals 114D from the report and the LAN performance report to determine 
signal source 112 to be distributed to the remote units whether a WDS element ( s ) and / or a LAN element ( s ) need to 
108 ( 1 ) -108 ( N ) . The remote units 108 ( 1 ) -108 ( N ) are config be reconfigured to meet predetermined quality - of - experi 
ured to receive the WDS downlink communications signals ence ( QoE ) targets of the communications system . Accord 
114D from the central unit 110 over a communications 55 ingly , the SDN controller provides a WDS configuration 
medium 116 to be distributed to the respective remote instruction ( s ) and / or a LAN configuration instruction ( s ) to 
coverage areas 106 ( 1 ) -106 ( N ) of the remote units 108 ( 1 ) the WDS control system and / or the LAN control system to 
108 ( N ) . Each of the remote units 108 ( 1 ) -108 ( N ) may reconfigure the WDS element ( s ) and / or the LAN element ( s ) 
include an RF transmitter / receiver and a respective antenna to improve the QoEs of the communications system . By 
118 ( 1 ) -118 ( N ) operably connected to the RF transmitter / 60 managing the WDS and the LAN based on the SDN archi 
receiver to wirelessly distribute the communications ser tecture , it may be possible to monitor and optimize the WDS 
vices to client devices 120 within the respective remote and the LAN based on a unified software - based network 
coverage areas 106 ( 1 ) -106 ( N ) . The remote units 108 ( 1 ) -108 management platform , thus helping to improve performance 
( N ) are also configured to receive WDS uplink communi of a heterogeneous communications system at reduced 
cations signals 114U from the client devices 120 in the 65 operational costs and complexity . 
respective remote coverage areas 106 ( 1 ) -106 ( N ) to be dis In one aspect , a communications system is provided . The 
tributed to the signal source 112. The size of each of the communications system includes a WDS control system 
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communicatively coupled to a WDS . The WDS control to the WDS control system in response to determining that 
system is configured to generate a WDS performance report . the WDS needs to be reconfigured to improve the QoEs of 
The WDS control system is also configured to reconfigure the communications system . The SDN controller is also 
the WDS based on a WDS configuration instruction . The configured to provide a LAN configuration instruction to the 
communications system also includes a LAN control system 5 LAN control system in response to determining that the 
communicatively coupled to a LAN . The LAN control LAN needs to be reconfigured to improve the QoEs of the 
system is configured to generate a LAN performance report . communications system . 
The LAN control system is also configured to reconfigure Additional features and advantages will be set forth in the 
the LAN based on a LAN configuration instruction . The detailed description which follows and , in part , will be 
communications system also includes an SDN controller 10 readily apparent to those skilled in the art from the descrip 
communicatively coupled to the WDS control system and tion or recognized by practicing the embodiments as 
the LAN control system via a first SDN CDPI and a second described in the written description and claims hereof , as 
SDN CDPI , respectively . The SDN controller is configured well as the appended drawings . 
to receive the WDS performance report and the LAN It is to be understood that both the foregoing general 
performance report from the WDS control system and the 15 description and the following detailed description are merely 
LAN control system , respectively . The SDN controller is exemplary and are intended to provide an overview or 
also configured to analyze the WDS performance report and framework to understand the nature and character of the 
the LAN performance report to determine whether QoEs of claims . 
the communications system meet predefined performance The accompanying drawings are included to provide a 
targets . The SDN controller is also configured to provide the 20 further understanding of the disclosure , and are incorporated 
WDS configuration instruction to the WDS control system in and constitute a part of this specification . The drawings 
in response to determining that the WDS needs to be illustrate one or more embodiment ( s ) , and together with the reconfigured to improve the QoEs of the communications description serve to explain principles and operation of the 
system . The SDN controller is also configured to provide the various embodiments . 
LAN configuration instruction to the LAN control system in 25 
response to determining that the LAN needs to be reconfig BRIEF DESCRIPTION OF THE DRAWINGS 
ured to improve the QoEs of the communications system . 

In another aspect , a method for managing a communica FIG . 1 is a schematic diagram of an exemplary hetero 
tions system based on SDN architecture is provided . The geneous communications system including a wireless dis 
method includes generating a WDS performance report from 30 tribution system ( WDS ) and a local area network ( LAN ) for 
a WDS control system communicatively coupled to a WDS . example ; 
The method also includes generating a LAN performance FIG . 2 is a schematic diagram of an exemplary software 
report from a LAN control system communicatively coupled defined networking ( SDN ) architecture that be 
to a LAN . The method also includes communicatively employed to manage a heterogeneous communications sys 
coupling an SDN controller to the WDS control system and 35 tem , such as the heterogeneous communications system of 
the LAN control system via a first SDN CDPI and a second FIG . 1 for example ; 
SDN CDPI to receive the WDS performance report and the FIG . 3 is a schematic diagram of an exemplary commu 
LAN performance report , respectively . The method also nications system in which an SDN controller is configured 
includes analyzing the WDS performance report and the to manage a WDS and a LAN based on SDN architecture , 
LAN performance report by the SDN controller to determine 40 such as the SDN architecture of FIG . 2 , for improved 
whether QoEs of the communications system meet pre performance of the communications system ; 
defined performance targets . The method also includes pro FIG . 4 is a flowchart of an exemplary process that can be 
viding a WDS configuration instruction from the SDN employed to manage the communications system of FIG . 3 
controller to the WDS control system in response to deter based on the SDN architecture ; 
mining that the WDS needs to be reconfigured to improve 45 FIG . 5 is a schematic diagram providing an exemplary 
the QoEs of the communications system . The method also illustration of the WDS and the LAN in the communications 
includes providing a LAN configuration instruction from the system of FIG . 3 ; 
SDN controller to the LAN control system in response to FIG . 6 is a schematic diagram of an exemplary WDS , 
determining that the LAN needs to be reconfigured to such as the WDS of FIG . 3 , provided in the form of an 
improve the QoEs of the communications system . The 50 optical fiber - based WDS and managed via the SDN archi 
method also includes reconfiguring the WDS by the WDS tecture of FIG . 3 ; 
control system based on the WDS configuration instruction . FIG . 7 is a partial schematic cut - away diagram of an 
The method also includes reconfiguring the LAN by the exemplary building infrastructure in which a WDS , such as 
LAN control system based on the LAN configuration the WDS of FIG . 6 , can be managed via the SDN architec 
instruction . 55 ture of FIG . 3 ; and 

In another aspect , an SDN controller in a communications FIG . 8 is a schematic diagram representation of additional 
system is provided . The SDN controller is configured to detail illustrating an exemplary computer system that could 
receive a WDS performance report from a WDS control be employed in a controller , including the SDN controller of 
system communicatively coupled to the SDN controller and FIG . 3 , for managing the communications system based on 
a WDS . The SDN controller is also configured to receive a 60 the SDN architecture of FIG . 3 . 
LAN performance report from a LAN control system com 
municatively coupled to the SDN controller and a LAN . The DETAILED DESCRIPTION 
SDN controller is also configured to analyze the WDS 
performance report and the LAN performance report to Embodiments of the disclosure relate to managing a 
determine whether QoEs of the communications system 65 communications system based on software defined network 
meet predefined performance targets . The SDN controller is ing ( SDN ) architecture . In examples discussed herein , a 
also configured to provide a WDS configuration instruction communications system includes a wireless distribution 

can 
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system ( WDS ) and a local area network ( LAN ) . An SDN 216 via the SDN NBIS 212. The SDN controller 208 also 
controller is provided in the communications system to includes SDN control logic 224 , which can be provided as 
manage the WDS and the LAN based on SDN architecture . a microcontroller , a microprocessor , or a field programmable 
The SDN controller is communicatively coupled to a WDS gate array ( FPGA ) for example . The SDN control logic 224 
control system in the WDS and a LAN control system in the 5 may include memory and / or other types of storage media for 
LAN via respective SDN control data plane interfaces storing the network requirements and QoE targets received 
( CDPIs ) . In one aspect , the SDN controller receives a WDS from the SDN applications 210. The SDN controller 208 
performance report indicating the operational status of the also includes at least one CDPI driver 226 for communicat 
WDS from the WDS control system . In another aspect , the ing with the network elements 220 via one or more SDN 
SDN controller receives a LAN performance report indicat- 10 CDPIs 228 . 
ing the operational status of the LAN from the LAN control Each of the network elements 220 includes an SDN 
system . The SDN controller analyzes the WDS performance datapath 230. In a non - limiting example , the SDN datapath 
report and the LAN performance report to determine 230 is a logical network device that can encompass all or a 
whether a WDS element ( s ) and / or a LAN element ( s ) need to subset of the physical network ( e.g. , a WDS , a LAN , etc. ) . 
be reconfigured to meet predetermined quality - of - experi- 15 The SDN datapath 230 includes a CDPI agent 232 for 
ence ( COE ) targets of the communications system . Accord communicating with the SDN controller 208 via the SDN 
ingly , the SDN controller provides a WDS configuration CDPIS 228. The SDN datapath 230 may also include at least 
instruction ( s ) and / or a LAN configuration instruction ( s ) to one forwarding engine / processing function 234 for process 
the WDS control system and / or the LAN control system to ing the network configuration instructions 218 and config 
reconfigure the WDS element ( s ) and / or the LAN element ( s ) 20 uring the physical network encompassed by the SDN dat 
to improve the QoEs of the communications system . By apath 230 . 
managing the WDS and the LAN based on the SDN archi The SDN architecture 200 provides a unified software 
tecture , it may be possible to monitor and optimize the WDS based platform that can be employed and flexibly configured 
and the LAN based on a unified software - based network to manage a heterogeneous communications network . As is 
management platform , thus helping to improve performance 25 further discussed below , the SDN architecture 200 can be 
of a heterogeneous communications system at reduced employed to manage a communications system including a 
operational costs and complexity . WDS and a LAN , thus helping to improve performance of 
Before discussing exemplary aspects of managing a het the communications system at reduced operational costs and 

erogeneous communications system based on SDN archi complexity . 
tecture , an overview of SDN architecture is first provided 30 In this regard , FIG . 3 is a schematic diagram of an 
with reference to FIG . 2. The discussion of specific exem exemplary communications system 300 in which an SDN 
plary aspects of managing a communications system includ controller 302 is configured to manage a WDS 304 and a 
ing a WDS and a LAN based on SDN architecture starts LAN 306 based on SDN architecture 308 , such as the SDN 
below with reference to FIG . 3 . architecture 200 of FIG . 2 , for improved performance of the 

In this regard , FIG . 2 is a schematic diagram of an 35 communications system 300. The SDN architecture 308 
exemplary SDN architecture 200 that can be employed to includes an SDN data plane 310 , an SDN control plane 312 , 
manage a heterogeneous communications system , such as and an SDN application plane 314 that can be functionally 
the heterogeneous communications system 100 of FIG . 1 for equivalent to the data plane 206 , the control plane 204 , and 
example . The SDN architecture 200 includes an application the application plane 202 of FIG . 2 , respectively . The SDN 
plane 202 , a control plane 204 , and a data plane 206. At the 40 data plane 310 includes a WDS control system 316 and a 
heart of the SDN architecture 200 is an SDN controller 208 LAN control system 318 that are functionally equivalent to 
located in the control plane 204. The SDN controller 208 the SDN datapath 230 of FIG . 2. The WDS control system 
interfaces with one or more SDN applications 210 in the 316 is communicatively coupled to the WDS 304. The WDS 
application plane 202 via one or more SDN northbound control system 316 is configured to generate a WDS per 
interfaces ( NBI ) 212 , respectively . In a non - limiting 45 formance report 320 indicating the operational status and 
example , each of the SDN applications 210 represent a QoE measurements of the WDS 304. The LAN control 
respective physical network ( e.g. , a WDS , a LAN , etc. ) system 318 is communicatively coupled to the LAN 306 . 
managed by the SDN controller 208. The SDN applications The LAN control system 318 is configured to generate a 
210 are programs that can communicate explicitly , directly , LAN performance report 322 indicating the operational 
and programmatically respective network requirements and 50 status and QoE measurements of the LAN 306 . 
desired network QoE targets to the SDN controller 208 . The SDN controller 302 is provided in the SDN control 
Each of the SDN applications 210 includes SDN application plane 312 and is functionally equivalent to the SDN con 
logic 214 and at least one NBI driver 216 for communicating troller 208 of FIG . 2. The SDN controller 302 , which can be 
with the SDN controller 208 via the SDN NBIS 212 . implemented as a microprocessor , a microcontroller , or an 

The SDN controller 208 is a logically centralized entity in 55 FPGA for example , is communicatively coupled to the WDS 
charge of translating the network requirements and QoE control system 316 via a first SDN CDPI 324 and to the LAN 
targets received from the SDN applications 210 into network control system 318 via a second SDN CDPI 326. The SDN 
configuration instructions 218. The SDN controller 208 is controller 302 is communicatively coupled to a WDS appli 
configured to provide the network configuration instructions cation 328 and a LAN application 330 that are located in the 
218 to one or more network elements 220 in the data plane 60 SDN application plane 314. The WDS application 328 and 
206. In a non - limiting example , each of the network ele the LAN application 330 are functionally equivalent to the 
ments 220 represents a physical network ( e.g. , a WDS , a SDN applications 210 of FIG . 2. In this regard , the WDS 
LAN , etc. ) . As such , the SDN controller 208 is further application 328 is configured to communicate WDS network 
configured to present the network elements 220 to the SDN requirements and QoE targets 332 to the SDN controller 
applications 210 as abstracted views of the physical net- 65 302. Likewise , the LAN application 330 is configured to 
works . The SDN controller 208 includes at least one NBI communicate LAN network requirements and QoE targets 
agent 222 configured to communicate with the NBI driver 334 to the SDN controller 302. The SDN application plane 
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314 may further include a system application 336 configured analyzes the WDS performance report 320 and the LAN 
to communicate network requirements and QoE targets 338 performance report 322 to determine whether the QoEs of 
of the communications system 300 to the SDN controller the communications system 300 meet the predefined per 
302. The SDN controller 302 may store the WDS network formance targets ( block 408 ) . The SDN controller 302 
requirements and QoE targets 332 , the LAN network 5 provides the WDS configuration instruction 340 to the WDS 
requirements and QoE targets 334 , and the network require control system 316 in response to determining that the WDS ments and QoE targets 338 of the communications system 304 needs to be reconfigured to improve the QoEs of the 300 in such storage media as memory , flash drive , solid state communications system 300 ( block 410 ) . The SDN control hard drive , etc. 

With continuing reference to FIG . 3 , the SDN controller 10 the LAN control system 318 in response to determining that ler 302 provides the LAN configuration instruction 342 to 
302 receives the WDS performance report 320 from the the LAN 306 needs to be reconfigured to improve the QoEs WDS control system 316 and the LAN performance report 
322 from the LAN control system 318. The SDN controller of the communications system 300 ( block 412 ) . The WDS 
302 analyzes the WDS performance report 320 and the LAN control system 316 reconfigures the WDS 304 based on the 
performance report 322 to determine whether QoEs of the 15 WDS configuration instruction 340 ( block 414 ) . The LAN 
communications system 300 meet predefined performance control system 318 reconfigures the LAN 306 based on the 
targets . In a non - limiting example , the predefined perfor LAN configuration instruction 342 ( block 416 ) . 
mance targets can include network throughput , network With reference back to FIG . 3 , the WDS 304 includes one 
capacity , connection count , coverage area RF performance , or more WDS circuits that the WDS control system 316 can 
coverage area interference level , downlink and uplink sig- 20 reconfigure based on the WDS configuration instruction 340 
nal - to - noise ratios ( SNRs ) , call drop rate , handover failure to improve the QoEs of the communications system 300 . 
rate , and so on . Likewise , the LAN 306 includes one or more LAN circuits 

The SDN controller 302 provides a WDS configuration that the LAN control system 318 can reconfigure based on 
instruction 340 to the WDS control system 316 in response the LAN configuration instruction 342 to improve the QoEs 
to determining that the WDS 304 needs to be reconfigured 25 of the communications system 300. In this regard , FIG . 5 is 
to improve the QoEs of the communications system 300. In a schematic diagram providing an exemplary illustration of 
response to receiving the WDS configuration instruction the WDS 304 and the LAN 306 in the communications 
340 , the WDS control system 316 reconfigures the WDS 304 system 300 of FIG . 3. Common elements between FIGS . 3 
based on the WDS configuration instruction 340. In a and 5 are shown therein with common element numbers and 
non - limiting example , the WDS control system 316 is 30 will not be re - described herein . 
configured to provide the WDS performance report 320 to With reference to FIG . 5 , the WDS 304 includes a central 
the SDN controller 302 and receive the WDS configuration unit 500 communicatively coupled to a WDS signal source 
instruction 340 from the SDN controller 302 via the first 502. The central unit 500 is configured to distribute a 
SDN CDPI 324. Similarly , the SDN controller 302 provides plurality of WDS downlink communications signals 504D 
a LAN configuration instruction 342 to the LAN control 35 ( 1 ) -504D ( M ) over a WDS downlink communications 
system 318 in response to determining that the LAN 306 medium 506 and receive a plurality of WDS uplink com 
needs to be reconfigured to improve the QoEs of the munications signals 504U ( 1 ) -504U ( M ) over a WDS uplink 
communications system 300. In response to receiving the communications medium 508. The WDS 304 includes a 
LAN configuration instruction 342 , the LAN control system plurality of remote units 510 ( 1 ) -510 ( M ) . Each of the remote 
318 reconfigures the LAN 306 based on the LAN configu- 40 units 510 ( 1 ) -510 ( M ) is configured to receive a respective 
ration instruction 342. In a non - limiting example , the LAN WDS downlink communications signal among the WDS 
control system 318 is configured to provide the LAN per downlink communications signals 504D ( 1 ) -504D ( M ) for 
formance report 322 to the SDN controller 302 and receive distribution to at least one WDS client device 512. Each of 
the LAN configuration instruction 342 from the SDN con the remote units 510 ( 1 ) -510 ( M ) is also configured to receive 
troller 302 via the second SDN CDPI 326. By managing the 45 a respective WDS uplink communications signal among the 
communications system 300 based on the SDN architecture WDS uplink communications signals 504U ( 1 ) -504U ( M ) 
308 , it is possible to monitor and adjust both the WDS 304 from the WDS client device 512 for communication to the 
and the LAN 306 from a unified software - based platform , central unit 500 . 
thus helping to improve overall performance of the com The LAN 306 includes one or more LAN circuits 514 
munications system 300 at reduced operational costs and 50 communicatively coupled to the Internet . The LAN circuits 
complexity . 514 are configured to distribute a plurality of LAN downlink 

The communications system 300 can be managed based communications signals 516D ( 1 ) -516D ( N ) and receive a 
on the SDN architecture 308 according to a process . In this plurality of LAN uplink communications signals 516U ( 1 ) 
regard , FIG . 4 is a flowchart of an exemplary process 400 516U ( N ) . In a non - limiting example , the LAN circuits 514 
that can be employed to manage the communications system 55 can include Ethernet switches , Ethernet bridges , and / or 
300 of FIG . 3 based on the SDN architecture 308 . Internet Protocol ( IP ) routers . The LAN circuits 514 are 

With reference to FIG . 4 , the WDS control system 316 interconnected with one or more RF circuits 518 ( 1 ) -518 ( N ) 
that is communicatively coupled to the WDS 304 is config included in the LAN 306. In this regard , each of the RF 
ured to generate the WDS performance report 320 ( block circuits 518 ( 1 ) -518 ( N ) is configured to receive a respective 
402 ) . The LAN control system 318 that is communicatively 60 LAN downlink communications signal among the LAN 
coupled to the LAN 306 is configured to generate the LAN downlink communications signals 516D ( 1 ) -516D ( N ) for 
performance report 322 ( block 404 ) . The SDN controller distribution to at least one LAN client device 520. Each of 
302 is communicatively coupled to the WDS control system the RF circuits 518 ( 1 ) -518 ( N ) is also configured to receive 
316 and the LAN control system 318 via the first SDN CDPI a respective LAN uplink communications signal among the 
324 and the second SDN CDPI 326 to receive the WDS 65 LAN uplink communications signals 516U ( 1 ) -516U ( N ) 
performance report 320 and the LAN performance report from the LAN client device 520 for communication to the 
322 , respectively ( block 406 ) . The SDN controller 302 LAN circuits 514. In a non - limiting example , the RF circuits 



15 

US 10,680,920 B2 
9 10 

518 ( 1 ) -518 ( N ) can be Wi - Fi access points ( APs ) , indoor selected remote unit 510 ( 1 ) that is collocated with the 
base stations , and / or wireless repeaters . selected RF circuit 518 ( 1 ) in the coverage area 522. As a 

The central unit 500 and / or the remote units 510 ( 1 ) -510 result , the LAN client device 520 can switch to receiving 
( M ) can be configured to provide the operational status and wireless services from the selected remote unit 510 ( 1 ) while 
QoE measurements of the WDS 304 to the WDS control 5 the selected RF circuit 518 ( 1 ) is out of service . 
system 316. Accordingly , the WDS control system 316 can In another example , the WDS control system 316 deter reconfigure the central unit 500 and / or the remote units mines that the selected remote unit 510 ( 1 ) has increased 510 ( 1 ) -510 ( M ) based on the WDS configuration instruction connection count . Accordingly , the WDS control system 316 340. Similarly , the LAN circuits 514 and / or the RF circuits generates and provides the WDS performance report 320 518 ( 1 ) -518 ( N ) can be configured to provide the operational 10 indicating that the selected remote unit 510 ( 1 ) has increased status and QoE measurements of the LAN 306 to the LAN connection count . In response to receiving the WDS perfor control system 318. Accordingly , the LAN control system 
318 can reconfigure the LAN circuits 514 and / or the RF mance report 320 , the SDN controller 302 provides the LAN 
circuits 518 ( 1 ) -518 ( N ) based on the LAN configuration configuration instruction 342 to the LAN control system 318 
instruction 342 . to shift bandwidth allocation from the LAN 306 to the 

In a non - limiting example , a selected remote unit 510 ( 1 ) selected remote unit 510 ( 1 ) . As a result , the selected remote 
among the remote units 510 ( 1 ) -510 ( M ) is collocated in a unit 510 ( 1 ) can adequately handle the increased connection 
coverage area 522 with a selected RF circuit 518 ( 1 ) among count . 
the RF circuits 518 ( 1 ) -518 ( N ) . The selected remote unit In another example , the WDS control system 316 deter 
510 ( 1 ) and the selected RF circuit 518 ( 1 ) may be configured 20 mines that the WDS client device 512 loses RF connection 
to communicate with the central unit 500 and the LAN from the selected remote unit 510 ( 1 ) . Accordingly , the WDS 
circuits 514 , respectively , over a common optical - fiber trunk control system 316 generates and provides the WDS per 
524. For the convenience of reference and illustration , the formance report 320 indicating that the WDS client device 
selected remote unit 510 ( 1 ) , the WDS client device 512 , the 512 has lost RF connection from the selected remote unit 
selected RF circuit 518 ( 1 ) , and the LAN client device 520 25 510 ( 1 ) . In response to receiving the WDS performance 
are discussed in the following optimization scenarios as report 320 , the SDN controller 302 provides the WDS 
non - limiting examples . It shall be appreciated that any configuration instruction 340 and the LAN configuration 
combination of the remote units 510 ( 1 ) -510 ( M ) and the RF instruction 342 to the WDS control system 316 and the LAN 
circuits 518 ( 1 ) -518 ( N ) can be optimized in the optimization control system 318 , respectively , to move the WDS client 
scenarios described hereinafter . 30 device 512 from the selected remote unit 510 ( 1 ) to the 

In one example , the WDS control system 316 determines selected RF circuit 518 ( 1 ) that is collocated with the selected 
that the selected remote unit 510 ( 1 ) is out of service . remote unit 510 ( 1 ) . 
Accordingly , the WDS control system 316 generates and In another example , the LAN control system 318 deter 
provides the WDS performance report 320 indicating that mines that the selected RF circuit 518 ( 1 ) loses power . 
the selected remote unit 510 ( 1 ) is out of service . In response 35 Accordingly , the LAN control system 318 generates and 
to receiving the WDS performance report 320 , the SDN provides the LAN performance report 322 indicating that the 
controller 302 provides the LAN configuration instruction selected RF circuit 518 ( 1 ) has lost power . In response to 
342 to the LAN control system 318 to reconfigure quality receiving the LAN performance report 322 , the SDN con 
of - service ( QoS ) parameters of the LAN 306 to increase troller 302 provides the WDS configuration instruction 340 
bandwidth of the selected RF circuit 518 ( 1 ) that is collo- 40 to the WDS control system 316 to shift capacity from the 
cated with the selected remote unit 510 ( 1 ) in the coverage selected RF circuit 518 ( 1 ) to the selected remote unit 510 ( 1 ) 
area 522. As a result , the WDS client device 512 can switch that is collocated with the selected RF circuit 518 ( 1 ) in the 
to receiving wireless services from the selected RF circuit coverage area 522 . 
518 ( 1 ) while the selected remote unit 510 ( 1 ) is out of In another example , the LAN control system 318 deter 
service . 45 mines that the selected RF circuit 518 ( 1 ) is over capacity . 

In another example , the WDS control system 316 deter Accordingly , the LAN control system 318 generates and 
mines that the selected remote unit 510 ( 1 ) is powered down . provides the LAN performance report 322 indicating that the 
Accordingly , the WDS control system 316 generates and selected RF circuit 518 ( 1 ) is over capacity . In response to 
provides the WDS performance report 320 indicating that receiving the LAN performance report 322 , the SDN con 
the selected remote unit 510 ( 1 ) is powered down . In 50 troller 302 provides the WDS configuration instruction 340 
response to receiving the WDS performance report 320 , the and the LAN configuration instruction 342 to the WDS 
SDN controller 302 provides the LAN configuration instruc control system 316 and the LAN control system 318 , respec 
tion 342 to the LAN control system 318 to reconfigure QoS tively , to move the LAN client device 520 associated with 
parameters of the LAN 306 to increase bandwidth of the the selected RF circuit 518 ( 1 ) to the selected remote unit 
selected RF circuit 518 ( 1 ) that is collocated with the selected 55 510 ( 1 ) that is collocated with the selected RF circuit 518 ( 1 ) 
remote unit 510 ( 1 ) in the coverage area 522. As a result , the in the coverage area 522 . 
WDS client device 512 can switch to receiving wireless In another example , the WDS control system 316 deter 
services from the selected RF circuit 518 ( 1 ) while the mines that the selected remote unit 510 ( 1 ) experiences 
selected remote unit 510 ( 1 ) is powered down . interference . Accordingly , the WDS control system 316 

In another example , the LAN control system 318 deter- 60 generates and provides the WDS performance report 320 
mines that the selected RF circuit 518 ( 1 ) is out of service . indicating that the selected remote unit 510 ( 1 ) experiences 
Accordingly , the LAN control system 318 generates and interference . In response to receiving the WDS performance 
provides the LAN performance report 322 indicating that the report 320 , the SDN controller 302 provides the WDS 
selected RF circuit 518 ( 1 ) is out of service . In response to configuration instruction 340 and the LAN configuration 
receiving the LAN performance report 322 , the SDN con- 65 instruction 342 to the WDS control system 316 and the LAN 
troller 302 provides the WDS configuration instruction 340 control system 318 , respectively , to move the WDS client 
to the WDS control system 316 to shift capacity to the device 512 associated with the selected remote unit 510 ( 1 ) 
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to the selected RF circuit 518 ( 1 ) that is collocated with the provided in the central unit 604 that support any frequency 
selected remote unit 510 ( 1 ) in the coverage area 522 . bands desired , including but not limited to the US Cellular 

In another example , the WDS control system 316 deter band , PCS band , Advanced Wireless Service ( AWS ) band , 
mines that the selected remote unit 510 ( 1 ) consumes exces 700 MHz band , Global System for Mobile communications 
sive power . Accordingly , the WDS control system 316 5 ( GSM ) 900 , GSM 1800 , and Universal Mobile Telecommu 
generates and provides the WDS performance report 320 nications System ( UMTS ) . The RIMs 602 ( 1 ) -602 ( M ) may 
indicating that the selected remote unit 510 ( 1 ) consumes also be provided in the central unit 604 that support any 
excessive power . In response to receiving the WDS perfor wireless technologies desired , including but not limited to 
mance report 320 , the SDN controller 302 provides the Code Division Multiple Access ( CDMA ) , CDMA200 , 
WDS configuration instruction 340 to the WDS control 10 1xRTT , Evolution Data Only ( EV - DO ) , UMTS , High 
system 316 to reduce power supply to less critical service speed Packet Access ( HSPA ) , GSM , General Packet Radio 
antennas in the selected remote unit 510 ( 1 ) . Services ( GPRS ) , Enhanced Data GSM Environment 

In another example , the LAN control system 318 deter ( EDGE ) , Time Division Multiple Access ( TDMA ) , LTE , 
mines that the selected RF circuit 518 ( 1 ) consumes exces iDEN , and Cellular Digital Packet Data ( CDPD ) . 
sive power . Accordingly , the LAN control system 318 15 The RIMS 602 ( 1 ) -602 ( M ) may be provided in the central 
generates and provides the LAN performance report 322 unit 604 that support any frequencies desired , including but 
indicating that the selected RF circuit 518 ( 1 ) consumes not limited to US FCC and Industry Canada frequencies 
excessive power . In response to receiving the LAN perfor ( 824-849 MHz on uplink and 869-894 MHz on downlink ) , 
mance report 322 , the SDN controller 302 provides the LAN US FCC and Industry Canada frequencies ( 1850-1915 MHz 
configuration instruction 342 to the LAN control system 318 20 on uplink and 1930-1995 MHz on downlink ) , US FCC and 
to reduce power supply to less critical service antennas in the Industry Canada frequencies ( 1710-1755 MHz on uplink 
selected RF circuit 518 ( 1 ) . and 2110-2155 MHz on downlink ) , US FCC frequencies 

In another example , the LAN control system 318 deter ( 698-716 MHz and 776-787 MHz on uplink and 728-746 
mines that the selected RF circuit 518 ( 1 ) has increased MHz on downlink ) , EU R & TTE frequencies ( 880-915 
connection count . Accordingly , the LAN control system 318 25 MHz on uplink and 925-960 MHz on downlink ) , EU R & 
generates and provides the LAN performance report 322 TTE frequencies ( 1710-1785 MHz on uplink and 1805-1880 
indicating that the selected RF circuit 518 ( 1 ) has increased MHz on downlink ) , EU R & TTE frequencies ( 1920-1980 
connection count . In response to receiving the LAN perfor MHz on uplink and 2110-2170 MHz on downlink ) , US FCC 
mance report 322 , the SDN controller 302 provides the frequencies ( 806-824 MHz on uplink and 851-869 MHz on 
WDS configuration instruction 340 to the WDS control 30 downlink ) , US FCC frequencies ( 896-901 MHz on uplink 
system 316 to shift capacity from the WDS 304 to the and 929-941 MHz on downlink ) , US FCC frequencies 
selected RF circuit 518 ( 1 ) . ( 793-805 MHz on uplink and 763-775 MHz on downlink ) , 

FIG . 6 is a schematic diagram of an exemplary WDS 600 , and US FCC frequencies ( 2495-2690 MHz on uplink and 
such as the WDS 304 of FIG . 3 , provided in the form of an downlink ) . 
optical fiber - based WDS and managed via the SDN archi- 35 With continuing reference to FIG . 6 , the WDS downlink 
tecture 308 of FIG . 3. The WDS 600 includes an optical fiber communications signals 606D ( 1 ) -606D ( R ) are provided to a 
for distributing communications services for multiple fre plurality of optical interfaces provided in the form of optical 
quency bands . The WDS 600 in this example is comprised interface modules ( OIMs ) 608 ( 1 ) -608 ( N ) in this embodi 
of three ( 3 ) main components in this example . A plurality of ment to convert the WDS downlink communications signals 
radio interfaces provided in the form of radio interface 40 606D ( 1 ) -606D ( R ) into a plurality of WDS downlink optical 
modules ( RIMs ) 602 ( 1 ) -602 ( M ) are provided in a central fiber - based communications signals 610D ( 1 ) -610D ( R ) . The 
unit 604 to receive and process a plurality of WDS downlink notation “ 1 - N ” indicates that any number of the referenced 
communications signals 606D ( 1 ) -606D ( R ) prior to optical component 1 - N may be provided . The OIMs 608 ( 1 ) -608 ( N ) 
conversion into WDS downlink optical fiber - based commu may be configured to provide a plurality of optical interface 
nications signals . The WDS downlink communications sig- 45 components ( OICs ) that contain optical - to - electrical ( O / E ) 
nals 606D ( 1 ) -606D ( R ) may be received from a base station and electrical - to - optical ( E / O ) converters , as will be 
as an example . The RIMs 602 ( 1 ) -602 ( M ) provide both described in more detail below . The OIMs 608 ( 1 ) -608 ( N ) 
downlink and uplink interfaces for signal processing . The support the radio bands that can be provided by the RIMS 
notations “ 1 - R ” and “ 1 - M ” indicate that any number of the 602 ( 1 ) -602 ( M ) , including the examples previously 
referenced component , 1 - R and 1 - M , respectively , may be 50 described above . 
provided . The central unit 604 is configured to accept the The OIMs 608 ( 1 ) -608 ( N ) each include E / O converters to 
RIMs 602 ( 1 ) -602 ( M ) as modular components that can easily convert the WDS downlink communications signals 606D 
be installed and removed or replaced in the central unit 604 . ( 1 ) -606D ( R ) into the WDS downlink optical fiber - based 
In one example , the central unit 604 is configured to support communications signals 610D ( 1 ) -610D ( R ) . The WDS 
up to twelve ( 12 ) RIMs 602 ( 1 ) -602 ( 12 ) . Each RIM 602 ( 1 ) - 55 downlink optical fiber - based communications signals 610D 
602 ( M ) can be designed to support a particular type of radio ( 1 ) -610D ( R ) are communicated over a downlink optical 
source or range of radio sources ( i.e. , frequencies ) to provide fiber - based communications medium 612D to a plurality of 
flexibility in configuring the central unit 604 and the WDS remote units 614 ( 1 ) -614 ( S ) . The notation “ 1 - S ” indicates 
600 to support the desired radio sources . that any number of the referenced component 1 - S may be 

For example , one RIM 602 may be configured to support 60 provided . Remote unit O / E converters provided in the 
the Personalized Communications System ( PCS ) radio band . remote units 614 ( 1 ) -614 ( S ) convert the WDS downlink 
Another RIM 602 may be configured to support the 800 optical fiber - based communications signals 610D ( 1 ) -610D 
megahertz ( MHz ) radio band . In this example , by inclusion ( R ) back into the WDS downlink communications 
of the RIMS 602 ( 1 ) -602 ( M ) , the central unit 604 could be signals 606D ( 1 ) -606D ( R ) , which are then provided to anten 
configured to support and distribute communications signals 65 nas 616 ( 1 ) -616 ( S ) in the remote units 614 ( 1 ) -614 ( S ) to 
on both PCS and Long - Term Evolution ( LTE ) 700 radio client devices in the reception range of the antennas 616 ( 1 ) 
bands , as an example . The RIMs 602 ( 1 ) -602 ( M ) may be 616 ( S ) . 
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The remote units 614 ( 1 ) -614 ( S ) receive a plurality of instructions from an exemplary computer - readable medium 
uplink RF communications signals from the client devices to perform these and / or any of the functions or processing 
through the antennas 616 ( 1 ) -616 ( S ) . The remote units 614 described herein . 
( 1 ) -614 ( S ) covert the uplink RF communications signals In this regard , the computer system 800 in FIG . 8 may 
into a plurality of WDS uplink communications signals 5 include a set of instructions that may be executed to predict 
618U ( 1 ) -618U ( S ) . Remote unit E / O converters are also frequency interference to avoid or reduce interference in a 
provided in the remote units 614 ( 1 ) -614 ( S ) to convert the multi - frequency DAS . The computer system 800 may be 
WDS uplink communications signals 618U ( 1 ) -618U ( S ) into connected ( e.g. , networked ) to other machines in a LAN , an 
a plurality of WDS uplink optical fiber - based communica intranet , an extranet , or the Internet . While only a single 
tions signals 610U ( 1 ) -610U ( S ) . The remote units 614 ( 1 ) device is illustrated , the term “ device ” shall also be taken to 
614 ( S ) communicate the WDS uplink optical fiber - based include any collection of devices that individually or jointly 
communications signals 610U ( 1 ) -610U ( S ) over an uplink execute a set ( or multiple sets ) of instructions to perform any 
optical fiber - based communications medium 612U to the one or more of the methodologies discussed herein . The 
OIMs 608 ( 1 ) -608 ( N ) in the central unit 604. The OIMs computer system 800 may be a circuit or circuits included in 
608 ( 1 ) -608 ( N ) include O / E converters that convert the an electronic board card , such as , a printed circuit board 
received WDS uplink optical fiber - based communications ( PCB ) , a server , a personal computer , a desktop computer , a 
signals 610U ( 1 ) -610U ( S ) into a plurality of WDS uplink laptop computer , a personal digital assistant ( PDA ) , a com 
communications signals 620U ( 1 ) -620U ( S ) , which are pro puting pad , a mobile device , or any other device , and may 
cessed by the RIMS 602 ( 1 ) -602 ( M ) and provided as the 20 represent , for example , a server or a user's computer . 
WDS uplink communications signals 620U ( 1 ) -620U ( S ) . The exemplary computer system 800 in this embodiment 
The central unit 604 may provide the WDS uplink commu includes a processing circuit or processor 802 , a main 
nications signals 620U ( 1 ) -620U ( S ) to a base station or other memory 804 ( e.g. , read - only memory ( ROM ) , flash 
communications system . memory , dynamic random access memory ( DRAM ) , such as 

Note that the downlink optical fiber - based communica- 25 synchronous DRAM ( SDRAM ) , etc. ) , and a static memory 
tions medium 612D and the uplink optical fiber - based com 806 ( e.g. , flash memory , static random access memory 
munications medium 6120 connected to each of the remote ( SRAM ) , etc. ) , which may communicate with each other via 
units 614 ( 1 ) -614 ( S ) may be a common optical fiber - based a data bus 808. In a non - limiting example , the main memory 
communications medium , wherein for example , wave divi 804 and / or the static memory 806 can be used to store the 
sion multiplexing ( WDM ) is employed to provide the WDS 30 predefined performance targets of the QoEs of the commu nications system 300. Alternatively , the processor 802 may downlink optical fiber - based communications signals 610D 
( 1 ) -610D ( R ) and the WDS uplink optical fiber - based com be connected to the main memory 804 and / or the static 
munications signals 610U ( 1 ) -610U ( S ) on the same optical memory 806 directly or via some other connectivity means . 

The processor 802 may be a controller , and the main fiber - based communications medium . 35 memory 804 or the static memory 806 may be any type of The WDS 600 of FIG . 6 may be provided in an indoor memory . 
environment , as illustrated in FIG . 7. FIG . 7 is a partial The processor 802 represents one or more general - pur 
schematic cut - away diagram of an exemplary building infra pose processing devices , such as a microprocessor , central 
structure 700 in which a WDS , such as the WDS 600 of FIG . processing unit , or the like . More particularly , the processor 
6 , can be managed via the SDN architecture 308 of FIG . 3. 40 802 may be a complex instruction set computing ( CISC ) 
The building infrastructure 700 in this embodiment includes microprocessor , a reduced instruction set computing ( RISC ) 
a first ( ground ) floor 702 ( 1 ) , a second floor 702 ( 2 ) , and a microprocessor , a very long instruction word ( VLIW ) 
third floor 702 ( 3 ) . The floors 702 ( 1 ) -702 ( 3 ) are serviced by microprocessor , a processor implementing other instruction 
a central unit 704 to provide antenna coverage areas 706 in sets , or other processors implementing a combination of 
the building infrastructure 700. The central unit 704 is 45 instruction sets . The processor 802 is configured to execute 
communicatively coupled to a base station 708 to receive processing logic in instructions for performing the opera 
downlink communications signals 710D from the base sta tions and steps discussed herein . 
tion 708. The central unit 704 is communicatively coupled The computer system 800 may further include a network 
to a plurality of remote units 712 to distribute the downlink interface device 810. The computer system 800 also may or 
communications signals 710D to the remote units 712 and to 50 may not include an input 812 , configured to receive input 
receive uplink communications signals 710U from the and selections to be communicated to the computer system 
remote units 712 , as previously discussed above . The down 800 when executing instructions . The computer system 800 
link communications signals 710D and the uplink commu also may or may not include an output 814 , including but not 
nications signals 710U communicated between the central limited to a display , a video display unit ( e.g. , a liquid crystal 
unit 704 and the remote units 712 are carried over a riser 55 display ( LCD ) or a cathode ray tube ( CRT ) ) , an alphanu 
cable 714. The riser cable 714 may be routed through meric input device ( e.g. , a keyboard ) , and / or a cursor control 
interconnect units ( ICUS ) 716 ( 1 ) -716 ( 3 ) dedicated to each of device ( e.g. , a mouse ) . 
the floors 702 ( 1 ) -702 ( 3 ) that route the downlink communi The computer system 800 may or may not include a data 
cations signals 710D and the uplink communications signals storage device that includes instructions 816 stored in a 
710U to the remote units 712 and also provide power to the 60 computer - readable medium 818. The instructions 816 may 
remote units 712 via array cables 718 . also reside , completely or at least partially , within the main 

FIG . 8 is a schematic diagram representation of additional memory 804 and / or within the processor 802 during execu 
detail illustrating an exemplary computer system 800 that tion thereof by the computer system 800 , the main memory 
could be employed in a controller , including the SDN 804 and the processor 802 also constituting computer 
controller 302 of FIG . 3 , for managing the communications 65 readable medium . The instructions 816 may further be 
system 300 based on the SDN architecture 308. In this transmitted or received over a network 820 via the network 
regard , the computer system 800 is adapted to execute interface device 810 . 
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While the computer - readable medium 818 is shown in an SDN CDPI to receive the WDS performance report and 
exemplary embodiment to be a single medium , the term the LAN performance report , respectively ; 
" computer - readable medium ” should be taken to include a analyzing the WDS performance report and the LAN 
single medium or multiple media ( e.g. , a centralized or performance report by the SDN controller to determine 
distributed database , and / or associated caches and servers ) 5 whether quality - of - experiences ( QoEs ) of the commu 
that store the one or more sets of instructions . The term nications system meet predefined performance targets ; 
" computer - readable medium ” shall also be taken to include providing a WDS configuration instruction from the SDN 
any medium that is capable of storing , encoding , or carrying controller to the WDS control system in response to 
a set of instructions for execution by the processing device determining that the WDS needs to be reconfigured to and that cause the processing device to perform any one or 10 improve the QoEs of the communications system ; more of the methodologies of the embodiments disclosed 
herein . The term " computer - readable medium ” shall accord providing a LAN configuration instruction from the SDN 

controller to the LAN control system in response to ingly be taken to include , but not be limited to , solid - state 
memories , optical medium , and magnetic medium . determining that the LAN needs to be reconfigured to 

The embodiments disclosed herein include various steps . 15 improve the QoEs of the communications system ; 
The steps of the embodiments disclosed herein may be reconfiguring the WDS by the WDS control system based 
formed by hardware components or may be embodied in on the WDS configuration instruction ; 
machine - executable instructions , which may be used to reconfiguring the LAN by the LAN control system based 
cause a general - purpose or special - purpose processor pro on the LAN configuration instruction ; 
grammed with the instructions to perform the steps . Alter- 20 configuring the WDS control system to provide the WDS 
natively , the steps may be performed by a combination of performance report to the SDN controller and receive 
hardware and software . the WDS configuration instruction from the SDN con 

The embodiments disclosed herein may be provided as a troller ; and 
computer program product , or software , that may include a configuring the LAN control system to provide the LAN 
machine - readable medium ( or computer - readable medium ) 25 performance report to the SDN controller and receive 
having stored thereon instructions , which may be used to the LAN configuration instruction from the SDN con 
program a computer system ( or other electronic devices ) to troller . 
perform a process according to the embodiments disclosed 2. The method of claim 1 , further comprising : 
herein . A machine - readable medium includes any mecha determining a selected remote unit in the WDS that has 
nism for storing or transmitting information in a form 30 increased connection count ; and 
readable by a machine ( e.g. , a computer ) . For example , a generating the WDS performance report indicating that 
machine - readable medium includes : a machine - readable the selected remote unit has the increased connection 
storage medium ( e.g. , ROM , random access memory count . 
( “ RAM ” ) , a magnetic disk storage medium , an optical 3. The method of claim 2 , further comprising providing 
storage medium , flash memory devices , etc. ) ; and the like . 35 the LAN configuration instruction to the LAN control sys 
Unless otherwise expressly stated , it is in no way intended tem to shift bandwidth allocation from the LAN to the 

that any method set forth herein be construed as requiring selected remote unit . 
that its steps be performed in a specific order . Accordingly , 4. The method of claim 1 , further comprising : 
where a method claim does not actually recite an order to be determining a selected radio frequency ( RF ) circuit in the 
followed by its steps , or it is not otherwise specifically stated 40 LAN that loses power ; and 
in the claims or descriptions that the steps are to be limited generating the LAN performance report indicating the 
to a specific order , it is in no way intended that any particular selected RF circuit that loses power . 
order be inferred . 5. The method of claim 4 , further comprising providing 

It will be apparent to those skilled in the art that various the WDS configuration instruction to the WDS control 
modifications and variations can be made without departing 45 system to shift capacity from the selected RF circuit to a 
from the spirit or scope of the invention . Since modifica selected remote unit that is collocated with the selected RF 
tions , combinations , sub - combinations and variations of the circuit . 
disclosed embodiments incorporating the spirit and sub 6. The method of claim 1 , further comprising : 
stance of the invention may occur to persons skilled in the determining a selected radio frequency ( RF ) circuit in the 
art , the invention should be construed to include everything 50 LAN that is over capacity ; and 
within the scope of the appended claims and their equiva generating the LAN performance report indicating that 
lents . the selected RF circuit is over capacity . 

7. The method of claim 6 , further comprising providing 
What is claimed is : the WDS configuration instruction and the LAN configura 
1. A method for managing a communications system 55 tion instruction to the WDS control system and the LAN 

based on software defined networking ( SDN ) architecture , control system , respectively , to move a LAN client device 
comprising : associated with the selected RF circuit to a selected remote 

generating a wireless distribution system ( WDS ) perfor unit that is collocated with the selected RF circuit . 
mance report from a WDS control system communi 8. The method of claim 1 , further comprising : 
catively coupled to a WDS comprising a plurality of 60 determining a selected remote unit in the WDS that 
optical fiber - fiber - based communications media ; consumes excessive power , and 

generating a local area network ( LAN ) performance generating the WDS performance report indicating the 
report from a LAN control system communicatively selected remote unit that consumes excessive power . 
coupled to a LAN ; 9. The method of claim 8 , further comprising providing 

communicatively coupling an SDN controller to the WDS 65 the WDS configuration instruction to the WDS control 
control system and the LAN control system via a first system to reduce power supply to selected service antennas 
SDN control data plane interface ( CDPI ) and a second in the selected remote unit . 
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10. The method of claim 1 , further comprising : communicatively coupling an SDN controller to the WDS 
determining a selected radio frequency ( RF ) circuit in the control system and the LAN control system via a first 
LAN that consumes excessive power ; and SDN control data plane interface ( CDPI ) and a second 

generating the LAN performance report indicating the SDN CDPI to receive the WDS performance report and 
selected RF circuit that consumes excessive power . the LAN performance report , respectively ; 

11. The method of claim 10 , further comprising providing analyzing the WDS performance report and the LAN 
the LAN configuration instruction to the LAN control sys performance report by the SDN controller to determine 
tem to reduce power supply to selected service antennas in whether quality - of - experiences ( QoEs ) of the commu 
the selected RF circuit . nications system meet predefined performance targets ; 

12. The method of claim 1 , further comprising : providing a WDS configuration instruction from the SDN 
determining a selected radio frequency ( RF ) circuit in the controller to the WDS control system in response to 
LAN that has increased connection count ; and determining that the WDS needs to be reconfigured to 

generating the LAN performance report indicating that improve the QoEs of the communications system ; 
the selected RF circuit has the increased connection providing a LAN configuration instruction from the SDN 
count . controller to the LAN control system in response to 

13. The method of claim 12 , further comprising providing determining that the LAN needs to be reconfigured to 
the WDS configuration instruction to the WDS control improve the QoEs of the communications system ; 
system to shift capacity from the WDS to the selected RF reconfiguring the WDS by the WDS control system based 
circuit . on the WDS configuration instruction ; 

14. The method of claim 1 , further comprising : reconfiguring the LAN by the LAN control system based 
determining a selected remote unit in the WDS that has on the LAN configuration instruction ; 

increased connection count ; configuring the WDS control system to provide the WDS 
generating the WDS performance report indicating that performance report to the SDN controller and receive 

the selected remote unit has the increased connection 25 the WDS configuration instruction from the SDN con 
count ; and troller ; 

providing the LAN configuration instruction to the LAN determining a selected radio frequency ( RF ) circuit in the control system to shift bandwidth allocation from the LAN that loses power ; 
LAN to the selected remote unit . generating the LAN performance report indicating the 15. The method of claim 1 , further comprising : selected RF circuit that loses power ; and determining a selected radio frequency ( RF ) circuit in the 
LAN that is over capacity ; providing the WDS configuration instruction to the WDS 

control system to shift capacity from the selected RF generating the LAN performance report indicating that 
the selected RF circuit is over capacity ; and circuit to a selected remote unit that is collocated with 

the selected RF circuit . providing the WDS configuration instruction and the 35 
LAN configuration instruction to the WDS control 19. A method for managing a communications system 
system and the LAN control system , respectively , to based on software defined networking ( SDN ) architecture , 
move a LAN client device associated with the selected comprising : 
RF circuit to a selected remote unit that is collocated generating a wireless distribution system ( WDS ) perfor 
with the selected RF circuit . mance report from a WDS control system communi 

16. The method of claim 1 , further comprising : catively coupled to a WDS comprising a plurality of 
determining a selected radio frequency ( RF ) circuit in the optical fiber - fiber - based communications media ; 
LAN that consumes excessive power ; generating a local area network ( LAN ) performance 

generating the LAN performance report indicating the report from a LAN control system communicatively 
selected RF circuit that consumes excessive power ; and 45 coupled to a LAN ; 

providing the LAN configuration instruction to the LAN communicatively coupling an SDN controller to the WDS 
control system to reduce power supply to selected control system and the LAN control system via a first 
service antennas in the selected RF circuit . SDN control data plane interface ( CDPI ) and a second 17. The method of claim 1 , further comprising : SDN CDPI to receive the WDS performance report and determining a selected radio frequency ( RF ) circuit in the 50 the LAN performance report , respectively ; 
LAN that has increased connection count ; analyzing the WDS performance report and the LAN generating the LAN performance report indicating that performance report by the SDN controller to determine the selected RF circuit has the increased connection whether quality - of - experiences ( QoEs ) of the commu count ; and nications system meet predefined performance targets ; providing the WDS configuration instruction to the WDS 55 
control system to shift capacity from the WDS to the providing a WDS configuration instruction from the SDN 
selected RF circuit . controller to the WDS control system in response to 

18. A method for managing a communications system determining that the WDS needs to be reconfigured to 
based on software defined networking ( SDN ) architecture , improve the QoEs of the communications system ; 
comprising providing a LAN configuration instruction from the SDN 

generating a wireless distribution system ( WDS ) perfor controller to the LAN control system in response to 
mance report from a WDS control system communi determining that the LAN needs to be reconfigured to 
catively coupled to a WDS comprising a plurality of improve the QoEs of the communications system ; 
optical fiber - fiber - based communications media ; reconfiguring the WDS by the WDS control system based 

generating a local area network ( LAN ) performance 65 on the WDS configuration instruction ; 
report from a LAN control system communicatively reconfiguring the LAN by the LAN control system based 
coupled to a LAN ; on the LAN configuration instruction ; 

40 
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configuring the WDS control system to provide the WDS 

performance report to the SDN controller and receive 
the WDS configuration instruction from the SDN con 
troller ; 

determining a selected remote unit in the WDS that 5 
consumes excessive power ; 

generating the WDS performance report indicating the 
selected remote unit that consumes excessive power ; 
and 

providing the WDS configuration instruction to the WDS 10 
control system to reduce power supply to selected 
service antennas in the selected remote unit . 

* * * * * 


